Abstract. Urban greenery generates many tangible and intangible benefits and contributes to improving environmental quality, quality of life and sustainable urban development. Research on various aspects of urban vegetation such as carbon sequestration, removing air pollutants, reducing noise, providing recreational amenity benefits is in infancy stage in India. This paper reviews few significant studies in different spheres of urban greenery from Indian cities. Some issues related to development and research in this direction and future management strategies to be adopted have been discussed.
Introduction
Urbanization is a phenomenon occurring in cities of India at a fast pace and putting pressure on the urban environment. This process is being fueled by population explosion throughout world particularly in developing countries (Leindfield and Steinberg, 2012) . During last 50 years the population of India has grown two and half times but the urban population has grown nearly five times (Taubenböck, 2009 ). Urban green spaces play an important role in improving the quality of life in an urban ecosystem, particularly in a highly dense populated country like India. A well maintained and healthy green space network in urban settings can provide many ecological benefits. For example in maintaining water quality, reducing storm water runoff (Sanders, 1986; Xiao et al., 1998; Xiao and McPherson, 2002) ; reducing heat island effect (Akbari and Konopacki, 2004; Gill et al., 2007) ; sequestering carbon dioxide (McPherson, 1998; Jo, 2002) ; reducing air pollution (Nowak et al., 2006; Yang et al., 2008) ; enriching aesthetic and recreational avenues for urban communities (Attwell, 2000; Chaudhry 2006; Jim and Chen, 2006) and enhancing property value (Morales 1980 , Anderson and Cordell 1988 , Tyrvainen 1997 , 2001 Tyrvainen and Miettinen 2000; Chaudhry et al., 2013) .
Some significant studies from India
World Health Organization (WHO) and United Nations Food and Agricultural Organization (FAO) have advocated for 9 m² green open space per person in urban areas (Kuchelmeister, 2000) , whereas developed countries (mostly European and USA) have adopted a general standard of green space of 20 m² per person (Wang et al., 2007; Singh et al., 2010) . Situation in most of the Indian cities, except Gandhinagar and Chandigarh, needs considerable improvement on this front (Table 1) . Nagpur City of India with per capita green space of 31 m² has much lesser concentrations of SO 2 , NO 2 and RSPM well within permissible limits. A study was conducted in five zones of the city where three zones having better tree cover were found to have lesser SO 2 , NO 2 and RSPM concentrations in comparison to other two zones having poor tree cover (Chaturvedi et al., 2013) . In another study, biochemical responses to the impact of air pollution were studied in respect of four plant species namely Bougainvellia spectabilis, Azadirachta indica, Pongamia pinnata and Polyalthia longifolia in Nagpur City. Air Pollution Tolerance Index (APTI) was found highest for Azadirachta indica, making this species most suitable as sink for air pollution in polluted cities. The level of pollutants namely suspended particulate matter (SPM), NO 2 and SO 2 was found highest at commercial site followed by industrial and then residential site. Vegetation cover was found good at residential site, thereby giving enough indication about air pollutant absorption capacity of vegetation (Dhadse et al., 2011) .
Bangalore is one of the fastest growing cities in India and facing increasing level of air pollution. Once known as 'Garden City' of India, Bangalore is rapidly losing tree cover in public spaces including roads (Issar, 1994; Nair, 2005; Nagendra and Gopal, 2010) . Still the city vegetation is playing a significant role in improving air quality. A study was conducted at 20 locations of the city and it was found that SO 2 levels were reduced by 65% and afternoon ambient air temperature was found lower by 5.6 °C in street segments with trees. Similarly, SPM levels were very high on exposed roads (without trees) with 50% of the roads showing levels approaching twice the permissible limits while 80% of the street segments with trees had SPM levels within prescribed limits (Vailshery et al., 2013) . In a study conducted by Nagendra and Gopal (2010), Bangalore streets were found relatively low in density but high in species diversity when compared to other cities of Asia. Authors have concluded that large sized trees (having larger canopies) not being planted, leading to a greater predominance of young trees belonging to small sized species, which have lower capacity to absorb atmospheric pollutants, mitigate urban heat island effects and prevent ground water runoff. Nagendra et al. (2012) conducted a study focusing on changing patterns of vegetation cover in Bangalore City between 2000 and 2007. The authors found the core of the city well protected due to high land prices and other historical factors but vegetation clearing and fragmentation was more predominant in peripheral areas of the city. The tree species being planted were generally exotic demanding more water. This is likely to exacerbate the already significant challenges of water scarcity in the city.
Amongst all major cities of India, tree density (152 trees/ha) and tree cover (53.9% of city area) are highest in Gandhinagar, the Capital of Gujarat (Singh, 2013; Chaudhry et al. 2011) . Major tree species of the city include Peltroforum ferrruginieum, Azadirachta indica, Cassia fistula, Polyalthia longifolia, Cassia siamea, Delonix regia, Acacia nilotica, Albizia lebbeck, Alatonia scholaris, Ailanthus excelsa and Mangifera indica. RSPM concentration is found well within permissible limits at sector 8 and 23 monitoring station locations of Gandhinagar City, whereas this is not the case in industrial area of the city. The obvious reason is good tree density in residential areas of the capital city of Gujarat State of India (GPCB, 2015) . In a study undertaken in 2011, total tree enumeration was done in all urban cities of Gujarat state. This was a first kind of such studies in the country. Thirty four cities and towns of the state were found to have adequate tree cover with tree density > 30 trees/ha and rest 133 cities and towns of the state had low tree cover (Singh, 2013) . A total of 1,060,281 t of carbon (3,900,051 t of CO 2 equivalent) was removed annually in 2011 by about 6,413,000 (64.13 lakh) trees within a study area comprising Gandhinagar, Ahemedabad, Rajkot, Surat, Vadodara, Bhavnagar, Junagarh and Jamnagar. The researchers concluded that an average of 950 kg of carbon is sequestered and stored in the living biomass of trees at or above 350 cm girth breast height (GBH) during its entire lifespan. Contrary to it, average carbon sequestration potential of 10-60 cm GBH trees is only 29.6 kg/tree in its entire lifespan. Hence, it is necessary to conserve old and heritage trees (Parmar et al., 2015) .
Khera et al. (2009) Chandigarh, a Union Territory itself and the Capital of Punjab and Haryana States, was established after India got independence in 1947. Urban greenery is integral part of city's landscaping and the Edict of city sets out the following underlying ideas in respect of landscaping: "The landscaping of this city is based on careful observation of the vegetation of India. Selected ornamental trees, shrubs and climbers have been planted according to colour scheme to beautify it. In future planting and replacements, these principles must be kept in view. There should be no haphazard replacements, so that the avenues retain their harmony and beauty. The Leisure Valley, the Rajendra Park and other parks shall be developed as parks only and no buildings other than already planned shall be permitted". In order to realize the objectives, a landscape advisory committee was constituted in 1953 under the chairmanship of Dr. M. S. Randhawa, then Development Commissioner Punjab, which meticulously guided the initial tree plantation of the city. It is still in existence, although under different chairpersons, as maintained by the Chandigarh administration from time to time (Singh et al., 1998 
Future management strategies
Urban green spaces always remain in the public and media eye. These have to be managed on scientifically sound principles, which are transparent to public. These objectives can be met if options are compared and evaluated and management activities are continuously monitored on a short and long term basis (Gadow, 2002) . There is lack of a comprehensive research database on urban greenery in the country. There is insufficient financial allocation for urban forestry development and research. To compete with other kind of municipal budgets, it is essential for urban forestry to raise its public profile and publicize its multiple contributions to the society (Chaudhry and Tewari, 2011) .
Tree species emit Biogenic Volatile Organic Compounds (BVOCs) which lead to formation of ozone and carbon monoxide. BVOCs emission rates vary from species to species. In high traffic areas, tree species emitting BVOCs should be avoided (Curtis et al., 2014) . There are few research studies/results available from India in this field, though much more needs to be done with respect to ornamental tree species planted in cities as avenue trees and in parks/gardens. Singh et al. (2008) evaluated 80 common Indian plant species for isoprene (a common VOC) used for planting programme. Out of these, 29 species were found moderate to high emitters, 12 species were low emitters and remaining 39 species were found to be negligible or non-emitters. The authors have mentioned that 50% plant species selected for planting programme in India were moderate to high emitters of isoprene. This trend needs to be changed and urban tree plantation agencies like forest department, horticulture department, municipal authorities in states and cities must take note of research findings for future plantation programmes.
Few studies related to estimating Air Pollution Tolerance Index (APTI) of tree species in urban environment are also available and practitioners in this field must take advantage of the findings. Air pollution tolerance index (APTI) of seven plant species growing in urban-industrial region of Allahabad City of Uttar Pradesh State was estimated by Kuddus et al. (2011) . Out of seven tree species, Mangifera indica (with highest APTI) was found best as relatively tolerant species and Artocarpus species (with lowest APTI) as most sensitive to air pollutants. The sensitive (Artocarpus species) and tolerant species (Mangifera indica) can be used as bio-indicators to and as a sink for air pollutants, respectively. Rai and Panda (2014) used APTI and Anticipated Performance Index (API) values for assessing suitability of certain tree species for plantation in polluted roads of Mizoram State of India. Accordingly, Ficus bengalensis, Mangifera indica, Psidium guajava, Ficus religiosa, Artocarpus heterophyllus and Lagerstroemia speciosa were found suitable in given order for roadside plantation in polluted areas of North East Region of India. Particulate Abatement Capacity (PAC) of three commonly grown hedge species namely Bougainvillea spectabilis, Duranta plumeri and Nerium indicum was estimated in a study. The PAC of the hedge species was found in the order Duranta plumeri > Bougainvillea spectabilis > Nerium indicum. The authors also derived a formula for evaluation of the PAC of the hedge species (Varshney and Mitra, 1993) . Another study of two year duration was conducted at Varanasi City of India with the objective to evaluate plant species responses to urban air pollution. Three tree species namely Carissa carandas, Delonix regia and Cassia fistula were studied. Reductions in plant height, basal diameter, canopy area, plant biomass, chlorophyll, ascorbic acid and nitrogen content in leaves were correlated with air pollution level at different sites. Carissa carandas was found to have more pollution tolerance level than other two species (Pandey and Agrawal, 1994) .
In addition to maximizing use of low VOC emitting tree species, urban forest management strategies to help improve air quality must include followings:
• Emphasis on large and healthy trees.
• Avoid pollutant sensitive species which will, in turn, improve tree health.
• Use of more evergreen tree species for removing particulate matter.
• Plantation of trees in energy conserving locations.
• Plantation of trees to shade parked cars.
• Use of recycled or treated waste water for watering urban parks/lawns.
• Selecting species of high resistance to disease and insects as use of pesticides in high population density areas can be harmful.
• Selecting species which are drought resistant in general as trees in cities may normally face imbalances in water supply.
• For overall sustainability of urban forest, longevity of the species is also to be considered in order to avoid high removal and replacement costs for short life span species.
India and China, two Asian Giants, are among top most densely populated countries of the world. China has set an example in the field of urban forestry development, management and research during last twenty years whereas India is lagging behind in these areas (Chaudhry et al., 2011) . Jim and Chen (2009) present a very vivid description of various research studies undertaken in the field of urban forestry in China, mainly on three themes: analysis of urban structure, assessment of ecosystem services emanating from them and their planning/management. The quantification and valuation of 'Air quality regulation' ecosystem service seems to have attracted maximum attention in China. Studies conducted on urban greenery of Lanzhou, Beijing and Guangzhou need special mention (Leng et al., 2004; Zhang et al., 2006; Jim and Chen, 2008 have acknowledged few shortcomings in these studies but some rough estimates have been generated for further research and deeper understanding of urban forests in China. No research study is available in India as far as quantification of air quality improvement characteristics of urban forests in a big city was concerned. India needs to learn from China example.
Conclusion
There remains lot of scope of accumulation of scientific evidence and findings in the field of urban forestry in India. Comprehensive research database on urban forestry in the country is still lacking. To compete with other kinds of city budgets, it is essential for urban forestry to raise its public profile and publicize its multiple contributions to the public at large (Chaudhry and Tewari, 2011) . Both researchers and practitioners in this field should make serious efforts to manifest the value of urban forests and to stress the mutually beneficial interactions between human society and nature (Jim and Chen 2009). Bureaucrats and political leaders from India undertake many study tours, participate in seminars, workshops, conferences in developed countries on the topics related to urban landscape, ecology and environment but seldom apply the learnt principles into practice in their own country, otherwise Indian cities would have been much cleaner and greener than at present. For betterment of India's environmentally sustainable cities, a greater awareness about the regulating, cultural and supporting ecosystem services generated by urban nature need to be fostered among political leaders, bureaucrats, civil society and general public.
